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ABSTRACT 
The sand prairie is a unique ecosystem in the state of Illinois, being the habitat for 
many interesting plants and animals not found elsewhere in the state. One such plant is 
the state-endangered Stylisma pickeringii (Torr. ex M.A. Curtis) Gray var. pattersoni 
(Fern. & Schub.) Myint (Convolvulaceae), also known as Patterson's bindweed or 
Patterson's dawn flower. It currently is found in only three Illinois counties-Cass, 
Henderson, and Mason. Presently, two of the three populations of S. pickeringii are 
located on private lands. Very little information is known about the reproductive biology 
of S. pickeringii var. pattersoni. Thus, the purpose of this research was to gain more 
information regarding its seed, seedlings, establishment, and regenerative potential. The 
objectives of this study were to examine scarification techniques to find an effective and 
efficient method to scarify seeds, determine what factors affect seed color, compare 
germination of different seed colors of different harvest years, establish a population on 
state-protected land in Illinois, investigate insect visitation to flowers, and describe 
flower aspects including morphology and longevity of S. pickeringii. 
Five scarification techniques (basal cut, sandpaper shakes, sulfuric acid, sand 
shakes, and sonication) were examined to determine the best scarification method. The 
percent of each seed color (green, yellow, tan, and maroon) produced and percent 
germination of each seed color in different harvest years (1998, 1999, 2000, and 2001), 
and weights, volumes, and viability of each seed color were conducted to determine if 
variability exists among seed color and harvest year. Seeds on different stem sections 
(proximal, middle, distal, and side branches) and seeds collected at various intervals after 
flowering (3, 6, and 9 weeks in 1999; 4 and 7 weeks in 2000), and seeds harvested on 
different dates (August 20 and September 9, 1999; August 21 and Septembe 20, 2001) 
were studied to determine if age and harvest time influence seed color. Seed longevity, 
seedling density, and seedling morphologies were examined to gain information pertinent 
to establishing the plants on protected land. An establishment study was conducted using 
two harvest years and scarifications. Flower density data were collected to determine 
peak flowering. Insect collections were conducted to determine if there were temporal 
and/or seasonal differences in insect visits. Pollen of S. pickeringii was collected from 
insect visitors to its flowers to compile a list of possible pollinators. Flower morphology 
and longevity also were examined to describe flower aspects. Research was conducted in 
Mason County, Illinois. 
Scarification affects germination of S. pickeringii. Four techniques (basal cut, 48 
h sandpaper shake, 120 min sulfuric acid soak, and 72 h sand shake) provided high 
germination. More yellow seeds are produced than other seed colors. Also, more yellow 
seeds are viable than other seed colors. Age and harvest time did not influence seed 
color. Establishment after one season's growth did not differ for fall or spring plantings. 
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Over 18 genera of insects visited flowers of S. pickeringii with Apis mellifera and 
Heterostylum croceum being the most frequent. Frequency of insect visits differed 
throughout the season and by time of day. Although some variation was found in the 
average diameter of pollen collected from insect bodies and from S. pickeringii flowers, 
the general appearance of all pollen grains was similar. Flowers of S. pickeringii, 
although smaller than many other species in the family, are typical of Convolvulaceae, 
being white, funnel-shaped, complete flowers with radial symmetry. Flowers are five-
merous. Flowers remain open for one day. 
This research will aid in the understanding of S. pickeringii seed production, 
germination, seedling establishment, and plant regeneration via seed. A better 
understanding of the reproductive biology of S. pickeringii will lead to better 
management decisions of this endangered plant and other sand prairie species. 
1ll 
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Chapter 1: · 
Introduction 
The last glacial advance, known as the Wisconsinan, on what is now the state of 
Illinois, occurred about 15,000 years ago. The Wisconsinan covered much of the 
northern and east-central parts of the state, resulting in the system of moraines found in 
those areas. As the climate became warmer about 12,000 years ago, the glacier retreated, 
forming large glacial lakes contained by the moraines. Several lakes near Kankakee 
(Kankakee Co.), Illinois became large. As the glacier continued to melt and the lakes 
became larger, the water broke through the moraines spilling into what is now the Illinois 
River valley, an event known as the Kankakee Torrent. The waters of this torrent carried 
tremendous volumes of sand and gravel downstream, depositing it throughout the valley 
(Ekblaw & Athy, 1925). As these sand deposits dried, they were exposed to fierce wind 
action of an extended hot, dry period known as the hypsithermal. These conditions aided 
the dispersal of many western species into Illinois. As temperatures moderated and the 
winds calmed, the western species found refuge in the sand deposits resulting in a truly 
unique ecosystem-the Illinois sand prairie. Today, many of the western plants are still 
growing in the limited sand prairies along the Illinois and Mississippi Rivers (McClain, 
1997) (Figure 1 ). 
One of these western plants is Stylisma pickeringii (Torr. ex M.A. Curtis) Gray 
var. pattersoni (Fem. & Schub.) Myint (Convolvulaceae), also known as Patterson's 
bindweed or Patterson's dawnflower (Fernald & Schubert, 1949; Myint, 1966; Lammers, 
1984; Herkert, 1991; USDA, 2001) (Figure 2). S. pickeringii, a perennial, prostrate or 
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diffusely spreading herb, typically grows in the south-central and eastern United States 
(House, 1907; Myint, 1966; Herkert, 1991; USDA, 2001). In Illinois, S. pickeringii is an 
endangered plant limited to the sand prairies near the Illinois and Mississippi Rivers. It 
currently is found in only three Illinois counties-Cass, Henderson, and Mason 
(Lammers, 1984; Herkert, 1991; USDA, 2001) (Figure 3). Presently, two of the three 
populations of S. pickeringii are located on private lands. 
Stylisma pickeringii was first collected in New Jersey in 1828 by Charles 
Pickering. Initially, it was classified as a species of Convolvulus and later included in, 
and changed among, the genera Bonamia, Breweria, and Stylisma before it was finally 
classified as Stylisma (Fernald & Schubert, 1949; Myint, 1966; USDA, 2001 ). Myint 
(1966) used the linear and deeply bifurcated cotyledons of Stylisma to separate the two 
genera. Currently, two varieties of S. pickeringii are accepted: var. pickeringii (having 
longer stylar branches and obtuse sepals) and var. pattersoni, also referred to as 
pattersonii, (having shorter stylar branches and acute sepals) (Myint, 1966; Lammers, 
1984). Stylisma pickeringii var. pickeringii is predominately an eastern and southern 
U.S. variety, while variety pattersoni is found throughout the south central United States 
with its northeastern most range in Illinois (Figures 4 and 5) (Myint, 1966; Lammers, 
1984; Herkert, 1991 ). Stylisma pickeringii var. pattersoni is the only represented variety 
in Illinois and the focus of this research. This variety was first identified in 1873 by H.N. 
Patterson in what is now Big River State Forest near Keithsburg (Henderson Co.), Illinois 
(Fernald & Schubert, 1949; Myint, 1966; Mohlenbrock, 1982; Lammers, 1984; Herkert, 
1991; IDNR, n.d.). 
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In Cass County, the population is limited to one clump (approximately 1.5 m2) 
located on a Christmas tree farm (personal observation) (Figure 6). In contrast. the 
Henderson and Mason County populations are relatively large. The Mason County 
population encompasses an area of more than 55,000 m2. Although the size of the 
Henderson County population was not measured, it appears to be larger than the Mason 
County population (personal observation). In Henderson County, S. pickeringii is located 
in Big River State Forest, which currently is the only protected population in the state 
(Figure 7). 
Research for this project was conducted at the Mason County population because 
of its large size and its uniqueness, having both disturbed and undisturbed areas. The 
population is divided by a county road (Figure 8). South of the road the population is 
located at the edge of an agricultural field that has been prone to frequent disturbance 
from discing and herbicide treatment. This area is the smaller of the two areas, 
encompassing approximately 10,700 m2 (Figures 8 and 9). In contrast, on the north side 
of the road, S. pickeringii is less exposed to ground disturbance, has had no recent discing 
or herbicide treatment, and encompasses a larger area, approximately 44,500 m2 (Figures 
8 and 10). Areas were determined by plotting GPS data collected along the perimeters of 
the two areas. Within Mason County, S. pickeringii is found in the Sparta Series soil. 
The Sparta series consists of excessively drained, rapidly permeable soils on 
stream terraces, dunes, uplands, and flood plains. These soils formed in wind-
and water-deposited, sandy material. Slope ranges from 1 to 15 percent. The 
Sparta soils in Mason County contain less organic carbon in the surface layer than 
is defined as the range for the series. This difference, however, does not 
.., 
.) 
significantly affect the use or behavior of the soils. Typical pedon of Sparta 
loamy sand, 1 to 7 percent slopes, 2,282 feet north and 290 feet west of the 
southeast comer of sec. 11, T. 19 N., R. 10 W .... Thickness of the solum ranges 
from 25 to 45 inches. Thickness of the dark surface soil ranges from 10 to 24 
inches. The Ap and A horizons have chroma of 1 to 3. They are loamy sand, 
sand, loamy fine sand, or fine sand. The Bw horizon has value of 4 or 5 and 
chroma of 3 to 6. It is loamy sand, sand, loamy fine sand, or fine sand. (Calsyn, 
1995, p. 114). 
Very little information is known about S. pickeringii var. pattersoni. Most of 
what is known is limited to descriptive information (Fernald & Schubert, 1949; Myint, 
1966; Lammers, 1984; Herkert, 1991; USDA, 2001 ). Research conducted at Eastern 
Illinois University since 1998 has generated additional information regarding its seed and 
seedling biology: Seeds of S. pickeringii are of three colors-yellow, tan, and maroon; 
seed germination is different depending on seed color with yellow being the highest, tan 
the intermediate, and maroon being the lowest; and the seed coat of S. pickeringii inhibits 
germination as scarification increases germination (Heisler et al., 1999; Todd et al., 
2001a,b; Todd et al., 2002). The overall goal of this research was to gain more 
information regarding its reproductive biology, i.e. seeds, seedlings, establishment, and 
regenerative potential. The objectives of this research were to: 
1) find an effective and efficient method to scarify seeds of S. pickeringii to aid in 
germination and reintroduction into its natural habitat, 
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2) determine what factors influence seed color and to compare germination of the 
various seed colors of different harvest years, 
3) establish and monitor populations of S. pickeringii at the Sanganois Fish and Wildlife 
Area in Mason County, Illinois, a natural sand prairie located near present S. 
pickeringii populations and protected by the Illinois Department of Natural 
Resources, and 
4) determine what insects are pollinating flowers of S. pickeringii and describe its floral 
morphology and duration. 
This research will aid in the understanding of S. pickeringii seed production and 
germination, seedling establishment, and regeneration via seed production. A more 
complete understanding of the reproductive biology of S. pickeringii will not only lead to 
better management decisions of this endangered plant, but other sand prairie species and 
sand prairies in general. 
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Figure 1. Sand deposits of Illinois (McClain, 1997). 
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Figure 2. Stylisma pickeringii var. pattersoni stems, flower buds, and open flowers. 
Photo taken in Mason County, Illinois. 
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Figure 3. Range of Stylisma pickeringii var. pattersoni in Illinois (USDA, 2001 ). 
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Figure 4. Range of Stylisma pickeringii var. pattersoni in the United States (USDA, 
2001). 
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Figure 5. Distribution of Stylisma pickeringii varieties pickeringii ( 1) and pattersoni (2) 
in the United States (Myint, 1966). 
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Figure 6. Cass County, Illinois Stylisma pickeringii var. pattersoni population. 
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Figure 7. Henderson County, Illinois Stylisma pickeringii var. pattersoni population, Big 
River State Forest. 
14 
Figure 8. Aerial view of the Mason County, Illinois Stylisma pickeringii var. pattersoni 
population with undisturbed and disturbed areas plotted and highlighted. 
15 
Figure 9. Disturbed area of the Mason County, Illinois Stylisma pickeringii var. 
pattersoni population (left of road). 
16 
Figure 10. Undisturbed area of the Mason County, Illinois Stylisma pickeringii var. 
pattersoni population. 
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Chapter 2: 
Scarification technique affects germination of Stylisma pickeringii 
This chapter was submitted as a manuscript to the American Midland Naturalist: 
Todd, B.L., JA;f Coons, and H.R. Owen. 2002. Scarification technique affects 
germination ofStylisma pickeringii (Patterson bindweed), an Illinois endangered 
plant. American J.\!!idland Naturalist 148: 190-192. 
ABSTRACT 
The seed coat of Stylisma pickeringii (Torr. ex M.A. Curtis) Gray var. pattersoni 
(Fern. & Schub.) Myint, Patterson bindweed (Convolvulaceae), an endangered species of 
Illinois sand prairies, inhibits water uptake and seed germination. The purpose of this 
research was to find an effective and efficient way to scarify seeds of S. pickeringii to aid 
reintroduction into its natural habitat. Seeds were collected from sandy areas close to the 
Illinois River near Snicarte (Mason Co.), Illinois during the summers of 1998 and 1999. 
Experiments were conducted to determine the best scarification techniques (basal cut, 
sandpaper shakes, sulfuric acid, sand shakes and sonication). Initially, each technique 
was evaluated by scarifying the seeds for different times (except for the basal cut). The 
optimal time for each scarification technique then was compared. Scarified seeds were 
germinated in petri dishes at 25 C, 16 h photoperiod, with a mean light intensity of 51 µ 
mo! m-2s-1. The basal cut, 48 h sandpaper shake, 120 min acid soak and 72 h sand shake 
techniques did not differ significantly in germination (96, 92, 84 and 84%, respectively). 
The sonicator technique and the unscarified control yielded only 4 and 0% germination, 
18 
respectively. For scarification of S. pickeringii seeds, the 48 h sandpaper shake and 120 
min acid soak were very effective and efficient relative to other techniques. Of these two 
techniques, the sandpaper shake is safer than the acid soak, although when scarifying 
large numbers of seed, the sandpaper shake would require a large shaker. The techniques 
have potential applicability to other threatened and endangered species whose seed coat 
also inhibits germination. 
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INTRODUCTION 
Stylisma pickeringii (Torr. ex M.A. Curtis) Gray var. pattersoni (Fem. & Schub.) 
Myint. Patterson bindweed (Convolvulaceae) is an endangered plant of Illinois sand 
prairies along the Illinois and Mississippi Rivers in three Illinois counties-Cass, 
Henderson, and Mason. Currently in two of these counties, populations of S. pickeringii 
are located on privately owned land. Typically, S. pickeringii, a perennial prostrate or 
diffusely spreading herb of the Convolvulaceae Family, grows in the south-central United 
States (Herkert, 1991; USDA, 2001 ). 
Only recently has information pertaining to S. pickeringii and its seed been 
reported. In S. pickeringii, the seed coat inhibits germination (Heisler et al., 1999). 
Preliminary studies show that nonscarified seeds increased in fresh weight by 29.5% after 
24 h imbibition compared to 78. 7% increase in fresh weight of scarified seeds. Although 
nonscarified seeds imbibed some water, they did not germinate based on our previous 
studies. Frequently, inhibition from seed coats can be alleviated by scarification, a 
process that breaks the seed coat and allows exchange of materials. Scarification 
techniques used for other species include cutting the seed coat with a blade, manually 
rubbing the seed on sandpaper, acid treatment or sonication (Baskin and Baskin, 1998). 
Although these techniques are effective, they are time consuming and hazardous, making 
them undesirable to use for large numbers of seeds. When seeds of S. pickeringii were 
scarified by cutting the basal end of the seed coat, seed germination was 55% as 
compared to 0% for seed that was not scarified (Heisler et al., 1999). 
The purpose of this experiment was to find a scarification technique that would 
yield a high seed germination percentage with a more efficient method than the basal cut 
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for scarification of large numbers of seed. Scarification techniques included sandpaper 
shakes. acid. sand shakes and sonication. 
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METHODOLOGY 
Fruits of Stylisma pickeringii var. pattersoni were collected during September 
1998 and also in August and September 1999 near Snicarte (Mason Co.), Illinois. Since 
seeds of different colors differ in germination, seeds were removed from fruits and sorted 
by color (yellow, tan or maroon) (Heisler et al., 1999). Yellow seeds were scarified using 
various techniques. Tan and maroon seeds were not used because they germinated poorly 
or not at all in a previous study (Heisler et al., 1999). Following scarification, 5 
seeds/dish, 4 dishes/treatment were dusted with the fungicide Thiram (tetramethylthiuram 
disulfide, 50%), placed on two sheets of filter paper (Whatman #1) in 90 mm glass petri 
plates with 5 ml distilled water and placed in plastic tubs (to reduce evaporation) in an 
environmental control chamber at 25 C, 16 h photoperiod with a mean light intensity of 
51 µmole m-2s-1• Seeds were considered germinated when the radicle emerged from the 
seed at least 2 mm. Final results were recorded 10 d after the seeds were placed in the 
chamber. Data were analyzed with one-way analysis of variance followed by mean 
separations using Duncan's multiple range test at 5%. 
Fall 1998 seed. In the spring of 1999 a series of experiments was conducted to 
determine the optimal length of time for acid scarification. Seeds of S. pickeringii were 
soaked in concentrated sulfuric acid (H2S04) for 0, 15, 30, 45, 60, 120 or 180 min. After 
the acid soak, seeds were rinsed in distilled water for approximately 2 min and 
germinated as previously described. 
Fall 1999 seed. Experiments were conducted to determine lengths of time that 
should be used for scarification with sandpaper, sand and sonication. Five seeds were 
placed in each of four 118 ml jars (6 cm diameter x 7 cm height) either lined with coarse 
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sandpaper (60 grit) or filled with 20 ml coarse sand. The jars then were shaken for 18, 48 
or 72 h at 500 rpm. In addition, an experiment was conducted to determine the number 
of seeds that should be used for sandpaper scarification. Either 5 or 50 seeds were placed 
in the sandpaper lined jars and were shaken for 48 hat 500 rpm. Scarified seeds were 
germinated as previously described. The sonication process involved sonicating 20 seeds 
in 230 ml distilled water in a 300 ml sonicator for 2 or 4 h. Seeds then were blotted with 
paper towels to remove excess surface water and germinated as previously described. 
To determine the best scarification technique, a final germination experiment was 
conducted using the times determined as optimal for each scarification technique, i.e. 120 
min sulfuric acid, 48 h sandpaper shake, 72 h sand shake, 4 h sonication and basal cut 
(nicking the blunt end of the seed coat with a razor blade). These times were used since 
each yielded the highest germination within each technique. Seeds were scarified with 
each of these techniques and placed in the environmentally controlled growth chamber to 
assess germination as before. 
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RESULTS 
Sulfuric acid scarifications for 0, 15, 30, 45, 60 or 180 min did not differ 
significantly in germination (0-5%). The 120 min acid scarification had significantly 
higher (80%) germination than the other times. The 72 h sand shake had a germination 
of 55%, which was significantly higher than that of the 0, 18 or 48 h sand shakes with 0-
5% germination. Seeds shaken in a jar lined with coarse sandpaper for 48 or 72 hours 
had significantly higher germination with 85 and 75%, respectively, than seeds shaken 
for 18 h (25%), which were significantly higher than those not shaken (0%). However, 5 
seeds/jar had significantly higher germination than 50 seeds/jar (85 and 45%, 
respectively). With the 0 and 2 h sonication, germination was 0%, and with 4 h 
sonication germination was significantly higher, but still only 10%. 
The highest germinations were attained using the basal cut, 120 min acid, 48 h 
sandpaper shake or 72 h sand shake, with similar germination (84-96% ). The sonicator 
technique had only 4% germination whereas the control had no germination (Table 1). 
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DISCUSSION 
Basal cut. The basal cut had high germination. Although this method is a 
relatively rapid technique per seed, it is labor intensive and requires skilled technicians to 
scarify each seed. Thus, it is not an efficient method when scarifying large numbers of 
seed. This method also imposes a safety risk, as it is easy to cut oneself when trying to 
scarify seeds. 
Sand and sandpaper. It is possible that a longer sand shake would provide higher 
germination than that of the 72 h shake, but it is less desirable than the sandpaper shake, 
which provided as high a germination percentage in less time. Also, it is more difficult to 
sort the seeds out of the sand than the sandpaper-lined jars. The 48 h sandpaper shake is 
easily the most efficient and effective method of the various shake techniques as it works 
well and is very safe. However, an experiment comparing the number of seeds/jar 
showed that 5 seeds/jar had significantly higher germination than 50 seeds/jar, suggesting 
this technique should be limited to less than 50 seeds/jar. Many jars however can be 
shaken simultaneously on a single shaker to scarify a large quantity of seeds. 
Acid. The 120 min sulfuric acid soak was the best of the acid scarifications. The 
shorter time periods (0, 15, 30, 45 and 60 min) probably did not break the seed coat 
enough to allow water to enter the seed. The 180 min acid soak possibly broke the seed 
coat to the point that the sulfuric acid entered the seed, killing the embryo. Although this 
method is very efficient and fast, it is more dangerous due to the safety aspect of handling 
concentrated sulfuric acid (H2S04). 
Sonication. Sonication for 4 h produced higher germination than 2 h, but is still 
not adequate when compared to other techniques. Although a longer sonication may 
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increase germination, it imposes problems when the scarification is complete. The seeds 
already have been soaked in water and then may not store well when the process is 
completed (although this aspect was not investigated). Thus, if scarification by 
sonication is used, the seeds might need to be scarified just before planting. Therefore, 
not only is low germination a factor in disregarding this technique as a preferred 
technique, but sonication also imposes problems when the scarification is finished. 
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CONCLUSIONS 
Based upon all of the scarification methods tested, the 48 h sandpaper shake is 
recommended for scarifying seeds. This method is safe, very effective and more efficient 
than other techniques when scarifying large numbers of seed. The number of seeds per 
jar during the sandpaper scarification affected germination. Thus, it is best to use fewer 
seeds per jar, although large quantities of seeds can be shaken simultaneously. Acid 
scarification also is a satisfactory method to scarify large numbers of seeds provided that 
proper safety precautions are taken. Scarification of large numbers of S. pickeringii seeds 
should be a useful technique for reintroduction of this plant into its natural habitat. 
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Table 1. Percent germination of Stylisma pickeringii (fall 1999 seed) with five 
scarification techniques. 
Scarification technique Germination (%) 
Basal cut 96 
Sandpaper shake ( 48 h) 92 a 
Sulfuric acid (120 min) 84 a 
Sandpaper shake (72 h) 84 a 
Sonicator (2 h) 4 b 
Control 0 c 
zMean separations based on Duncan's multiple range test at 5%. Means followed by a 
different letter are significantly different, n=20. 
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Chapter 3: 
Seed color o/Stylisma pickeringii 
ABSTRACT 
Seeds of Stylisma pickeringii vary in color (yellow, tan, and maroon). This 
difference in seed color has an impact on germination. The purpose of this research was 
to determine what factors influence seed color and to compare germination of the various 
seed colors from different harvest years. Fruits of S. pickeringii were collected during the 
summers of 1998, 1999, 2000, and 2001 near Snicarte (Mason Co.), Illinois. Weights, 
volumes, and viabilities of the three seed colors were measured as well as the percentage 
of each seed color collected in the various harvest years, at various intervals after 
flowering (3, 6, and 9 weeks in 1999; 4 and 7 weeks in 2000), from different sections of 
stems (proximal, middle, distal, and from side branches), and on different harvest dates 
(August 20 and September 9, 1999; August 21 and September 20, 2001) were examined. 
In addition, germination of the different seed colors collected in the different harvest 
years was compared. Weights of S. pickeringii seeds differ significantly by color with 
yellow being the heaviest, tan the intermediate, and maroon the lightest. Yellow seeds 
are viable and have a better internal appearance than tan and maroon. More yellow seeds 
are produced than tan and maroon, and they have a higher germination. An additional 
seed color (green) was observed for the first and only time in 1999. In 1999, green seeds 
were dominant only 3 weeks after flowering, but were not observed after 9 weeks. The 
number of yellow seeds increased from 3 to 9 weeks after flowering. In 2000, tan seeds 
were most abundant only 4 weeks after flowering, but yellow seeds were most abundant 
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after 7 weeks. In 1999, green seeds decreased from distal to proximal stem sections. 
Yellow seeds increased from distal to proximal stem sections on August 20, but 
decreased slightly from distal to proximal stem sections by September ninth. Tan and 
maroon seeds show no consistent pattern. In 2001, yellow and tan seeds decreased from 
distal to proximal stem sections. All seeds collected from side branches were yellow. In 
1999, green, tan, and maroon seeds decreased from August 20 to September 9 harvest 
dates, whereas yellow seeds increased with harvest date. More yellow seeds were 
produced on both harvest dates than green, tan, or maroon seeds. On August 21 and 
September 9, 2001, the proportion of yellow seeds remained constant, while tan seeds 
increased and maroon seeds decreased with harvest date. This study shows that yellow 
seeds are more viable than tan and maroon, more yellow seeds are produced than tan and 
maroon and have the highest germination, green seeds are immature, and seed color 
percentages were not influenced by harvest date. 
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INTRODUCTION 
Although Illinois sand prairies are limited throughout the state, many unique plant 
species are found in the habitat. Stylisma pickeringii (Torr. ex M.A. Curtis) Gray var. 
pattersoni (Fern. and Schub.) Myint, Patterson bindweed (Convolvulaceae), is an 
endangered Illinois sand prairie plant found along the Illinois and Mississippi Rivers in 
three counties-Cass, Henderson, and Mason. Currently populations of S. pickeringii in 
Cass and Mason Counties are located on privately owned land. S. pickeringii var. 
pattersoni is a perennial, prostrate or diffusely spreading herb that typically grows in the 
south-central United States (House, 1907; Myint, 1966; Herkert, 1991; USDA, 2001). 
Management of Illinois sand prairies would be improved by providing information 
regarding endangered sand prairie plants. 
In 1998, a variation in the seed color of S. pickeringii was observed (yellow, tan, 
and maroon). Although the reason was unknown, seed color had an impact on 
germination. An additional seed color (green) was observed in 1999. Sources suggest 
that differences in seed color may be due to age, harvest date, or position on the stem, i.e. 
proximal versus distal stem sections, (Baskin & Baskin, 1998; Fenner, 2000). This 
research was conducted to determine what factors influence seed color and to compare 
germination of the various seed colors from different harvest years. The objectives of 
this study were to: 
1) compare seed weights, volumes, and viabilities of the different colors of seed, 
2) determine percentage of each seed color 
a. collected in various harvest years (1998, 1999, 2000, and 2001), 
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b. collected at various intervals after flowering (3, 6, and 9 weeks in 1999; 4 
and 7 weeks in 2000), 
c. collected from different sections of stems (proximal, middle, distal, and 
side branches), and 
d. collected on different harvest dates (August 20 and September 9, 1999; 
August 21 and September 20, 2001), and 
3) compare germination of the different seed colors of seed collected in different 
harvest years (1998, 1999, 2000, and 2001 ). 
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METHODOLOGY 
Fruits of S. pickeringii were collected during the summers of 1998, 1999, 2000, 
and 2001 near Snicarte (Mason Co.), Illinois. Seeds were removed from the fruits and 
sorted by color (green, yellow, tan, and maroon). Although Myint ( 1966) noted that 
fruits are 1- or 2-seeded and rarely 3- and 4-seeded, this research has shows that typically 
there is only one seed per fruit, but occasionally two per fruit (personal observation). 
Seed weight, volume, and viability. Average weights and volumes of the three 
colors of S. pickeringii seeds (15 seeds each, 4 replications) harvested in 1998 were 
determined. In addition, average weights of seeds harvested in 1999 (25 seeds each, 4 
replications) were determined. In another study, S. pickeringii seeds were sorted by 
color, longitudinally sectioned, and placed on filter paper in petri plates by color. 
Viability of the seeds was tested by applying tetrazolium (2,3,5-triphenyl tetrazolium 
chloride, 0.5%). Previously, seeds had been soaked in water. Development of a pinkish 
coloration is indicative of cellular respiration, and thus viability (Cottrell, 194 7). The 
number of seeds tested ranged from 9 to 14 for each seed color. 
Seed color and germination. To compare seed color in different harvest years, 
the percentage of each seed color collected per harvest year was recorded. In addition, 
germination of different seed colors from different harvest years was compared. Seeds 
were collected in mass on September 4. 1998, September 9 and August 20, 1999, August 
25, 2000, and August 21 and September 20, 2001. In a previous study, non-scarified 
seeds germinated poorly or not at all (Heisler et al., 1999). Therefore, all seeds involved 
in this germination study were scarified using a basal cut, nicking the blunt end of the 
seed with a razor blade (those seeds harvested in 1998 and 1999) or a 48 h sandpaper 
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shake technique, shaking seeds in jars (6 cm diameter x 7 cm height) lined with 60 grit 
coarse sandpaper (those seeds harvested in 2000 and 2001 ). Germination using the two 
techniques does not differ significantly (Heisler et al., 1999; Todd et al., 2002). 
Following scarification, five seeds per dish, four dishes per seed color were dusted with 
the fungicide Thiram (tetramethylthiuram disulfide, 50%) placed on two sheets of filter 
paper (Whatman # 1) in 90 x 10 mm glass petri plates with 5 ml distilled water in plastic 
Rubbermaid® tubs (to reduce evaporation) and placed in an environmental growth 
chamber at 25°C, 16 h photoperiod with a mean light intensity of 51 µ mol m-2s-1. Seeds 
were considered germinated when the radicle emerged from the seed at least 2 mm. Final 
data were recorded no less than 10 dafter seeds were placed in the chamber. Tan and 
maroon seeds harvested in 2000 and 2001 were not tested for germination, given their 
very low germination in 1998 (20 and 0%, respectively) and 1999 (13 and 0%, 
respectively). 
Age and seed color. Two approaches were used to study the effect of age on seed 
color. In the first approach, fully open S. pickeringii flowers were marked with jewelry 
tags on three dates in 1999: July 9 (50 flowers), July 30 (50 flowers), and August 20 (25 
flowers). Half of the fruits were collected on August 20 and half on September 9 from 
each of the tagging dates (excluding August 20 tagging, which all fruits were collected on 
September 9), making seeds 3, 6, or 9 weeks old after flowering. In 2000, five hundred 
flowers were marked with jewelry tags on each day of July 7 and 28. Fruits were 
collected on August 25, 4 and 7 weeks after flowering. In 1999, 90% of the tags were 
collected while 94% of the tags were collected in 2000. After collection, seeds were 
removed from the fruits. sorted by color, and the percentage of each color recorded. 
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In the second approach to study the effect of age on seed color, stems with fruits 
were collected on August 20 and September 9, 1999 and on September 20, 2001. These 
stems were cut into thirds to obtain seeds of various ages-proximal sections having the 
oldest seeds and distal sections having youngest seeds. In addition, stem side branches 
were collected in 2001 and divided into thirds. Seeds were removed from fruits on each 
stem third and percentage of each color recorded. 
Harvest dates. To study the influence of harvest time on seed color, seeds were 
collected in mass from S. pickeringii branches on August 20 and September 9, 1999 and 
August 21 and September 20, 2001. Seeds were removed from fruits and the percentage 
of each color recorded. 
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RESULTS 
Seed weight, volume, and viability. Weights of S. pickeringii seeds differ 
significantly by color, yellow being the heaviest, tan and green the intermediate, and 
maroon the lightest; however, volumes of the three seed colors did not differ significantly 
(Table 2). More yellow seeds were viable (86%) than tan (58%) and maroon (33%), 
using tetrazolium as the indicator. Internal seed characteristics also differed: yellow 
seeds were green and firm as opposed to the tan and maroon seeds which were soft and 
dark on the inside. 
Seed color and germination. More yellow seeds were present than tan or maroon 
in all harvest years. The percentage of yellow seeds was highest in 1999 relative to the 
other harvest years (Figure 11 ). In 1998 and 1999, more yellow seeds germinated than 
tan or maroon. More yellow seeds germinated in 2000 and 2001 than in 1998 and 1999 
(Figure 12). 
Age and seed color. Green seeds were observed only in 1999. At only 3 weeks 
after flowering most seeds were green, but the numbers declined until none were 
observed 9 weeks after flowering. The number of yellow seeds increased from 3 weeks 
to 6 weeks after flowering. Tan seeds continued to increase from 3 to 9 weeks after 
flowering. Maroon seeds did not appear until 9 weeks after flowering (Figure 14). 
In 2000, tan seeds were most abundant only 4 weeks after flowering, but yellow 
seeds were most abundant by 7 weeks after flowering. Maroon seeds decreased from 4 
and 7 weeks after flowering (Figure 13). 
On both 1999 collection dates (3 and 6 weeks after flowering), green seeds 
decreased from distal to proximal stem sections. Yellow seed percentages increased from 
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distal to proximal stem sections on August 20, but decreased slightly from distal to 
proximal stem sections on September 9. Tan and maroon seeds show no consistent 
pattern (Table 3). In 2001, yellow and tan seeds show no consistent pattern from distal to 
proximal stem sections. Maroon seeds decreased from distal to proximal stem sections. 
All seeds collected from side branches were yellow (Table 4). 
Harvest dates. In 1999, percentage of green, tan, and maroon seeds decreased 
from August 20 to September 9 harvest dates, whereas the percentage of yellow seed 
increased with harvest date. Considerably more yellow seeds are present than other 
colors at both dates (Figure 15). On August 21 and September 20, 2001, the percentage 
of yellow seeds remained relatively constant, while tan seeds increased and maroon seeds 
decreased with harvest date. There were more yellow seeds than other colors at both 
dates (Figure 16). 
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DISCUSSION 
Yell ow seeds are at the optimal developmental stage for germination, since they 
are produced in larger amounts than tan and maroon, have the highest germination, are 
more viable, have an overall better appearance internally than tan and maroon seeds, and 
weigh more than tan and maroon seeds even though no significant differences occurred in 
seed volume. 
Since flowers of S. pickeringii remain open only one day, tagged flower data 
should be a good indicator of seed age (see Chapter 5). The decrease in percentage of 
green seeds, while the percentage of yellow seeds increased, with seed age suggests that 
green seeds are immature. One possible explanation for tan seeds is the result of 
environmental stress. Seed abortion during development may be resulting in maroon 
seeds (Fenner, 2000). However, the effects of seed age resulting in tan and maroon seed 
colors are inconclusive, as data has no consistency between the two collection years. 
The decrease in green seeds from distal to proximal stem sections on both 
collection dates in 1999, again suggests that green seeds are immature. The decrease in 
yellow seed percentages from distal to proximal stem sections on the second collection 
date (1999), suggests that yellow seeds are mature; however, on the first collection date, 
yellow seeds increased from distal to proximal ends of the stem. In 2000, yellow seed 
percentages were similar on the three stem sections and were the only represented color 
on the side branch. A consistent pattern is not apparent. Also, there is no consistency in 
tan and maroon seeds. Although it was not a factor studied in this research, Fenner 
(2000) suggested that the age of the parent plant also can affect seed color. Age of the 
parent plant cannot explain all of the seed color variation in S. pickeringii. since all seed 
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colors have been observed on the same stems, i.e. same plants. Although much of the 
seed age data is inconclusive, it needs to be studied further since the proximal stem is 
older than the distal end of S. pickeringii stems and the stems flower from the proximal to 
distal sections. This observation leads one to believe that there could be a correlation 
between seed color and age; however, again it was not found in this project. 
Seed color percentages were not influenced by harvest date. Perhaps 20 and 30 
days between harvest dates (in 1999 and 2001, respectively) were insufficient to expose 
any significant differences. Also, seeds were collected directly from stems of S. 
pickeringii, leading to the possibility that many seeds had already fallen off of the plant, 
influencing seed color percentages. 
Sichkar and Bushulyan (1998) found that seed coat color in Chickpea (Cicer 
arietinum) was genetic. Although genetic analyses were not addressed in this study, it is 
possibly another area to explore in the determination of seed color influence in S. 
pickeringii. 
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CONCLUSIONS 
Yellow seeds are more viable than tan and maroon. More yellow seeds are 
produced than tan and maroon and have the highest germination. Green seeds are 
immature. Effects of age on tan and maroon seed colors are inconclusive. Seed color 
percentages were not influenced by harvest date. 
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Table 2. Comparison of weight and volume of three colors of Stylisma pickeringii seeds 
harvested in 1998 and weight comparison of seeds harvested in 1999. 
1998 1999 
Weight (mg) Volume (ml) Weight (mg) 
Green 224 ± 27 b 
Yellow 218 ± 40 az 0.03 ± 0.00 a 366 ± 11 a 
Tan 138±19b 0.03 ± 0.01 a 216±llb 
Maroon 88 ± 10 c 0.03 ± 0.00 a 144 ± 9 c 
zMean separation within columns based upon Duncan's multiple range test at 5%. Means 
followed by different letters are significantly different, n=4. 
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Figure 12. Percent gennination of Stylisma pickeringii by seed color and harvest year. 
Tan and maroon seeds were not tested in 2000 and 2001. 
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Figure 13. Percent color of Stylisma pickeringii seeds 3, 6, and 9 weeks after flowering in 
1999. 
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Figure 14. Percent color of Stylisma pickeringii seeds 4 and 7 weeks after flowering in 
2000. 
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Table 3. Percent color of Stylisma pickeringii seeds collected from different stem thirds in 
1999. 
August 20. 1999 September 9, 1 999 
Distal Middle Proximal Distal Middle Proximal 
Green 32 18 11 6 1 1 
Yellow 64 76 86 86 84 82 
Tan 4 5 3 6 12 14 
Maroon 0 1 0 " 2 .) 
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Table 4. Percent color of Stylisma pickeringii seeds collected from different stem thirds 
on September 20, 2001. 
Yellow 
Tan 
Maroon 
Distal Middle Proximal Side branch 
62 
26 
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15 
13 
67 
25 
8 
100 
0 
0 
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Figure 15. Percent color of Stylisma pickeringii seeds on different harvest dates (August 
20 and September 9) in 1999. 
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Figure 16. Percent color of Stylisma pickeringii seeds on different harvest dates (August 
21 and September 20) in 2001. 
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Chapter 4: 
Establishment of Stylisma pickeringii 
ABSTRACT 
Presently, two of the three Illinois Stylisma pickeringii populations are located on 
privately owned lands, thus subjecting them to possible extirpation. Efforts to 
reintroduce S. pickeringii into Illinois sand prairies have been limited due to a lack of 
physiological and developmental information pertaining to this species. The objectives 
of this study were to determine how seed longevity, scarification, and season of planting 
affects viability when reintroducing the seeds of S. pickeringii, to determine seedling 
density of S. pickeringii in disturbed and undisturbed areas over the growing season in 
1999, 2000, and 2001, to describe seedling morphology in natural conditions, and to 
monitor seedling emergence of seeds planted in a natural, state-protected environment. 
Fruits were collected during the summers of 1999 and 2000 near Snicarte (Mason Co.), 
Illinois. Longevity, seedling density, seedling morphology, and establishment studies 
were conducted. Seeds harvested in 1999, 2000, and 2001 did not differ significantly 
when germinated in 2002. At the Mason County population, seedling densities were 
higher in early July than in late July and August. Seedling densities were generally 
higher in the disturbed area than the undisturbed area. Average lengths of component 
parts of S. pickeringii seedlings are relatively constant, with the lengths from the root tip 
to the side branch and the length of the side branches having the most variability. S. 
pickeringii develops an extensive taproot before developing its shoots. Its shoot branches 
originate 7.2-7.3 cm below the soil surface. Four treatments of seeds (2 harvest years x 2 
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seed scarifications) planted in November 2000 and March 2001 show no significant 
difference in emergence between treatments (harvest date and scarification) and time of 
planting. The results of this research show seeds are viable for at least three years after 
harvest, and no seasonal differences were observed in germination of stored seeds. 
Frequent disturbance may promote seedling establishment. Seedling morphology is 
consistent in development. S. pickeringii develops an extensive taproot before 
developing its shoots. Age of seed, scarification, and time of planting (fall versus spring) 
do not affect seedling establishment after one growing season. 
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INTRODUCTION 
Stylisma pickeringii (Torr. ex M.A. Curtis) Gray var. pattersoni (Fem. & 
Schub.) Myint, Patterson bindweed (Convolvulaceae), is an endangered plant of Illinois 
sand prairies near the Illinois and Mississippi Rivers (Herkert, 1991 ). Currently it is 
found in only three Illinois counties-Cass, Henderson, and Mason (Lammers, 1984; 
Herkert, 1991; USDA, 2001). Two of these three populations of S. pickeringii are 
located on private lands, thus subjecting them to possible extirpation. 
In Mason County, the S. pickeringii population is divided by a county road. 
South of the road the population is located at the edge of a field used for agriculture, an 
area that is prone to frequent disturbance by discing (most recently in 1999) and chemical 
treatment (pendimethalin, trade name: Prowl). This area is the smaller of the two, 
encompassing approximately 10, 700 m2• In contrast, on the north side of the road S. 
pickeringii is less exposed to ground disturbance and encompasses a larger area, 
approximately 44,500 m2• One study found that recently disturbed populations of a 
species of Bonamia (Convolvulaceae) were denser and more dynamic than undisturbed 
populations, suggesting it may benefit from frequent disturbance (Hartnett and 
Richardson, 1989). 
Efforts to reintroduce S. pickeringii into Illinois sand prairies have been limited 
due to a lack of physiological and developmental information pertaining to this species. 
Research conducted over the past two years, however, has generated significant 
information regarding its seed and seedling biology, which will aid in its establishment in 
protected areas. Seeds of S. pickeringii are of three colors-yellow, tan, and maroon 
(Heisler et al., 1999; Todd et al, 2001 a,b; Todd et al., 2002). Seed germination is 
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different depending on seed color with yellow being the highest and maroon being the 
lowest (Heisler et al.. 1999; Todd et al., 2001a,b; Todd et al., 2002). The seed coat of S. 
pickeringii inhibits germination as scarification increases germination (Heisler et al., 
1999; Todd et al., 2001a,b; Todd et al., 2002). Estimates of percent cover in the two 
areas of the Mason County population over the summers of 1999, 2000, and 2001 ranged 
between 32.1and51.4% (disturbed area) and 12.1and43.8% (undisturbed area)-see 
percent cover table in Appendix A. 
Establishment of seedlings in sandy habitats can be difficult as seed depth, 
shifting sands, intense heat, lack of moisture, and seedling density become problematic 
(Maun, 1981; Zhang & Maun, 1990; Martinez & Moreno-Casasola, 1993; Bach, 1998; 
Chen & Maun, 1999). Martinez and Moreno-Casasola (1993) found that the timing of 
seed germination and seedling emergence also can affect seedling survival and 
establishment in sandy areas, partly due to many of the conditions listed previously. 
The objectives of this study were to: 
1) determine how seed longevity and scarification affect viability when 
reintroducing seeds of S. pickeringii, 
2) determine seedling density of S. pickeringii in disturbed and undisturbed areas 
over the growing season in 1999, 2000, and 2001, 
3) describe seedling morphology in its natural habitat, 
4) monitor emergence of seedlings planted at two different times of the year 
(November 2000 and March 2001) in a natural, state-protected sand prairie in 
close proximity to a natural population. 
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METHODOLOGY 
Fruits of S. pickeringii were collected during the summers of 1999 and 2000 near 
Snicarte (Mason Co.), Illinois. Seeds were removed from fruits and sorted by color 
(yellow, tan, and maroon). Tan and maroon seeds were not used because they 
germinated poorly or not at all in a previous study (Heisler et al., 1999). All scarified 
seeds were treated using a 48 h sandpaper shake technique (Todd et al., 2002). 
Longevity. Seeds harvested in 1999 were either scarified using a 48 h sandpaper 
shake technique and germination recorded (Todd et al., 2002), or were stored in a 
refrigerator at 3°C, 50-55% relative humidity for one year to determine seed longevity of 
S. pickeringii. Stored seeds were scarified one year after harvest (fall of 2000), 
germinated, and results compared to seeds scarified and germinated directly after harvest 
(fall of 1999). In addition, seeds harvested in 1999, 2000, and 2001 were germinated in 
2002 to determine if there are any seasonal differences that occur in longevity as 
compared to seeds germinated in the year they were collected. 
Seedling density. During the summers of 1999, 2000, and 2001, two 50 m 
transects were surveyed at the Mason County S. pickeringii population to determine 
seedling densities in disturbed and undisturbed areas. Transects were placed in areas 
where S. pickeringii was most abundant. Quadrats (0.5m x 0.5m) were placed every 
meter at various distances from the transects using a random numbers table. The seedling 
densities of S. pickeringii were determined on a per meter basis and the total seedling 
production for each area estimated. 
Seedling morphology. In 2000 and 2001, ten seedlings were excavated from the 
sand by hand and lengths of component parts (root tip to side branch, side branch, main 
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branch, base of cotyledon - maroon area, and top of cotyledon - green area) were 
measured (Figure 17). 
Establishment. Seeds were prepared for planting using scarified seeds harvested 
in 1999, unscarified seeds harvested in 1999, scarified seeds harvested in 2000, and 
unscarified seeds harvested in 2000. Seeds were scarified using the 48h sandpaper shake 
technique (Todd et al., 2002). Seeds were planted at the Sanganois Fish and Wildlife 
Area in Mason Co., Illinois, a natural sand prairie located near the present S. pickeringii 
population and protected by the state of Illinois. Seeds were planted on November 3, 
2000 and March 13, 2001. Two plots ( 4m x 4m) were staked for future identification. 
Within each plot, 16 equal quadrats (lm x lm each) were outlined, making four rows and 
four columns of quadrats. Each row within the plot represented one replication. Within 
each replication, each quadrat was designated randomly to one of the previously 
mentioned treatments (see plot design in Appendix B). Vegetation within the plots was 
left undisturbed. In addition, no pesticides were added and no irrigation or maintenance 
was performed on the plots in order to make the conditions as natural as possible. Fifty 
seeds per treatment and replication (800 seeds total) were planted approximately 2.5 cm 
under the soil surface using fiberglass rods ( 1 cm diameter). The rods were pushed into 
the soil, removed, and a seed was dropped in the indentation and covered. Seeds were 
randomly dispersed throughout each replication. Three trips were made to the natural 
area on June 20, July 16, and August 21, 2001 to quantify the number of seedlings 
observed within each replication and plot. 
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RESULTS 
Longevity. Germination of S. pickeringii seeds harvested in 1999 and scarified 
the same year do not differ significantly (at 5% level) from seeds harvested in 1999 and 
scarified after one year of cold storage (80 ± 16 and 95 ± 10%, respectively). 
Germination of seeds harvested in 1999, 2000, and 2001 did not differ significantly (at 
5% level) when germinated in 2002 (80 ± 16, 90 ± 20, and 100 ± 0%, respectively). 
Seedling density. There was a significant difference in seedling densities between 
the three collection dates in 2000 (x2=34.8, df=2, P<0.005). In the disturbed area, the 
number of seedlings observed was higher in early July than in late July and August. In 
contrast, the observed seedling density of the undisturbed area was higher in August than 
July. The disturbed area had the highest recorded seedling density. The average number 
of seedlings observed in the disturbed area was significantly higher than that of the 
undisturbed area on July 7 (x2=20.2, df=l, P<0.005). On average, the number of 
seedlings observed in early July was higher than in late July and August (Table 5). 
Although seedlings were observed in 1999 and 2001, none were observed within quadrats 
along transects. It is estimated that there were 7,205 (0.67/m2) and 3,560 (0.08/m2) 
seedlings that emerged in the disturbed and undisturbed areas, respectively, in 2000. 
Seedling morphology. Average lengths of component parts of S. pickeringii 
seedlings are relatively constant. The length from the root tip to the side branch and the 
length of the side branch had the most variability. S. pickeringii develops an extensive 
taproot before developing its shoots (Figure 17). 
Establishment. Percent 1999 unscarified, 1999 scarified, 2000 unscarified, and 
2000 scarified seeds planted in fall of 2000 and spring of 2001 show no significant 
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difference at 5% level in the average number of seedlings observed throughout summer 
2001 (Figures 18 and 19). Eighty-nine percent of all emerged seedlings produced side 
shoots. 
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DISCUSSION 
The longevity study showed that seeds are viable for one year after harvest, and 
once scarified, germination does not differ significantly from fresh seed. Thus, no bias is 
expected in the age of the seed ( 1999 and 2000) planted for the establishment study. In a 
natural setting, seeds that have over-wintered in the seed bank should be able to 
germinate and become established when conditions are favorable. Hartnett and 
Richardson ( 1989) found that seeds of Bonamia grandiflora, also a Convolvulaceae, are 
long-lived and accumulate in seed banks. Bonamia is a close relative of S. pickeringii 
(Myint, 1966). In addition, the study comparing seeds harvested in 1999, 2000, and 2001 
that were germinated in 2002 shows no seasonal differences in seed germination. Thus, 
no difference would be expected in observed seedling emergence between seeds 
harvested in 1999 and 2000 for the establishment studies. 
It is possible that clearing the plots before planting the seeds would promote 
seedling establishment, as seedling densities were higher in the disturbed area of the 
Mason County population in July. S. pickeringii may even benefit from frequent 
disturbance by promoting seedling establishment, as Hartnett and Richardson ( 1989) 
found for the relative, Bonamia grandiflora, which experienced increased stem densities, 
flowers producing seeds, and the numbers of capsules and seeds per plant. In this study, 
however, the establishment plot was left undisturbed to observe seeds in a natural setting. 
Seedling densities in the undisturbed area of the Mason County population were more 
than that of the disturbed area in August. This increase could be due to a lack of 
competition for water and resources as competing plants not adapted to sand prairies dry 
out in August. 
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Seedling morphology in 2000 and 2001 was similar, excluding the lengths from 
root tip to side branch and the side branch itself. This similarity shows the consistency in 
seedling development of S. pickeringii. Variation in side branch length is expected since 
side branches elongate at different stages during development. The extensive root system 
of S. pickeringii seedlings is important in reaching depths where water is more available 
in the sandy soils. Once the seeds germinate, they most likely allocate their energy to 
root establishment before sending shoots, an advantage to growing in the well-drained 
sand prairies. 
Age of seed, scarification, and time of planting do not affect seedling 
establishment as all variables had low percentages and insignificant differences in 
observed establishment of seedlings. A second year's collection of data may prove 
different, as seedlings may take longer than one growing season to become established. 
As was observed for the seedling morphologies, S. pickeringii appears to become well 
established underground before sending up side branches. If seedlings allocate most of 
their energy in root production the first year, a second year's data would be more likely to 
show seedling establishment and differences, if any, between the various treatments. 
Another possibility for low percent emergence might be due to planting depth as 
suggested by Maun (1981) and Martinez and Moreno-Casasola (1993 ). As the sands 
shift, the seeds become buried more deeply. If buried too deeply below the soil surface, 
seedlings may not be able to emerge. A lack of mychorrizal associations also may 
influence seedling establishment as suggested by Anderson & Liberta, 1987. However, 
these factors were not examined in this study. 
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CONCLUSIONS 
Seeds are viable for at least three years after harvest. No seasonal differences in 
germination of stored seeds were found. Frequent disturbance may promote seedling 
establishment by eliminating competition. Seedling morphology is consistent in 
development. S. pickeringii develops an extensive taproot before developing its shoots. 
Its shoot branches originate 7 .2-7 .3 cm below the soil surface. Age of seed, scarification, 
and time of planting do not affect seedling establishment after one growing season. 
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Table 5. Stylisma pickeringii seedling density (seedlings/m2) in disturbed and undisturbed 
areas of Mason County, Illinois throughout the summer of 2000. 
Disturbed 
Undisturbed 
July 7 
1.84 ± 4.36 
0.08 ± 0.56 
July 28 
0.08 ± 0.56 
0.00 ± 0.00 
August 25 
0.08 ± 0.56 
0.16 ± 0.80 
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Component part Average length (cm) 
2000 2001 
1. Root tip to side branch 11.7±2.7 17.2±3.8 
2. Side branch 6.1±2.2 10.8 ± 3.0 
3. Main branch 7.2±2.2 7.3 ± 2.4 
4. Base of cotyledons 1.7 ± 0.4 1.4 ± 0.3 
5. Top of cotyledon 2.2±0.3 2.4 ± 0.2 
Figure 17. Component parts and average length (cm) of component parts of Stylisma 
pickeringii seedlings in 2000 and 2001. 
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Figure 18. Percentage of Stylisma pickeringii seedlings observed throughout summer 
2001 after seeds were planted in November 2000. 
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2001 after seeds were planted in March 2001. 
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Chapter 5: 
Investigation of insect visits and floral 
studies o/Stylisma pickeringii 
ABSTRACT 
Many unique plant and animal species are found in the limited Illinois sand 
prairies. During the summers of 1999 and 2000, three state-record collections were made 
of insects (Heterostylum croceum, Heterostylum robustum, and Neoryhcocephalus 
volaticus) visiting flowers of Stylisma pickeringii var. pattersoni, a state-endangered 
plant. Clearly, these insect-plant interactions are unique in Illinois. The purpose of this 
study was to determine if these and/or other insect species not yet collected are involved 
in the pollination of S. pickeringii. These pollination studies were coupled with an 
investigation of floral structure and longevity. Flower density data were collected to 
determine the best time to conduct insect collection studies over the season. Insects 
visiting flowers of S. pickeringii were collected, identified, and the frequency of visits by 
different insects quantified to determine temporal and/or seasonal differences in flower 
visitation. The pollen of S. pickeringii was compared to that collected from insect bodies 
to verify transfer of pollen from insect to S. pickeringii flowers. Flower morphology and 
longevity also was determined. Early to mid July had the highest flower density. Over 
18 genera of insects visited flowers of S. pickeringii. Apis mellifera and Heterostylum 
croceum were the most frequent visitors. Midday visits peaked during July, peak 
flowering of S. pickeringii. A. mellifera was the most frequent visitor to S. pickeringii 
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flowers during midday. More insects visited S. pickeringii flowers at 10:00 am than at 
12:30 or 3 :00 pm. Although there was some variation in the average diameter of pollen 
collected from insect bodies and S. pickeringii flowers, the general appearance (white to 
yellow-tinted and spherical) of all pollen grains was similar. Flowers of S. pickeringii are 
white, funnel-shaped, complete flowers with radial symmetry. Flowers are five-merous. 
Flowers remain open for only one day. In summary, A. mellifera and H croceum were 
the most frequent visitors to S. pickeringii flowers, more insects visit during peak 
flowering and flower visitation is most abundant in the morning, pollen collected from 
insects is most likely pollen of S. pickeringii, flower morphology is typical of the 
Convolvulaceae, and flowers remain open for only one day. 
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INTRODUCTION 
Illinois sand prairies are limited throughout the state; however, many unique plant 
and animal species are found in these areas. Management and reintroduction efforts are 
hampered by a lack of information regarding these unique sand prairie species. In the fall 
of 1998. a study on the endangered plant, Stylisma pickeringii (Torr. ex M.A. Curtis) 
Gray var. pattersoni (Fem. & Schub.) Myint, Patterson bindweed (Convolvulaceae), of 
sand prairies in Mason County, Illinois, was initiated. Information has been gathered 
about this species regarding its seed and seedling biology. Seeds of S. pickeringii are of 
three colors-yellow, tan, and maroon (Heisler et al., 1999). Seed germination is 
different depending on seed color with yellow being the highest, and maroon being the 
lowest (Heisler et al., 1999). Also, the seed coat of S. pickeringii inhibits germination as 
scarification increases germination (Heisler et al., 1999; Todd et al., 2000). The 
knowledge this research has provided about the seed biology of S. pickeringii will be 
useful in the management of this species; however, still very little is known about its 
pollination requirements. 
During the summers of 1999 and 2000, two insects visiting the flowers of S. 
pickeringii were observed, collected, and identified as Heterostylum croceum Painter and 
H robustum (Osten Sacken) (Diptera: Bombyliidae). Both sexes of each species were 
collected. Although somewhat numerous in the Mason County S pickeringii population, 
both are state records, previously unreported in Illinois (Webb, 2001). In addition, 
another species, Neorhyncocephalus volaticus (Diptera: Nemestrinidae), was collected 
around the plants. This species also is a state record. Clearly, these insect-plant 
interactions are unique in Illinois. Due to the uniqueness of these insect and plant 
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species. these interactions need to be studied further. A diversity of insects was observed 
around these plants. Because the state record collections were made in haphazard fashion 
while collecting information on plants, it was assumed that other unique insect species 
could be in the area. 
Stylisma pickeringii flowers have been described by Myint (1966) in a 
comparison of Stylisma species and varieties: 
Stylisma pickeringii var. pickeringii-Inflorescences cymes of 1-5 flowers; 
peduncles as long as or longer than leaves, mostly 3-7 cm long; central flowers 
sessile or pedicellate; pedicels of lateral flowers 4-20 mm long; bracteoles leaf-
like, mostly 1.5-2.5 cm long, extending beyond sepals or at least reaching obstuse 
or acute apices with fulvous pubescence on the outside. Corolla white, 1.2-1.8 cm 
long, more than twice the length of sepals, with subentire or very shallowly lobed 
margin. Stamens partially exserted; filaments usually glabrous, rarely fused 
nearly to the base of stigmas; stylar branches 2-3 mm long, mostly equal or 
slightly unqueal; stylopodia as long as 3-4 mm, densely villous. Stylisma 
pickeringii var. pattersoni-Differs from var. pickeringii as follows: mostly acute 
or acutish sepals with closer (hoary) pubescence; stylar branches 1-1.5 mm long, 
definitely unequal; stylopodia 1-2 mm long (p. 114-116). The flowers in Stylisma 
are solitary or in clusters (cymes) of few flowers, mostly 1-7(-12), which usually 
possess long peduncles .... Flowers long-pedunculate except in S. abdita, mostly 
in loose cymes of a few flowers or solitary. Sepals small. thinner, acute or 
acuminate, rarely obstuse. Corolla small, less consipicuous [than Bonamia] and 
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white except in one species. Twisting of corolla in the bud-stage inconspicuous. 
Stamens included or partially exserted, with weakly sagittate anthers (p. 99). 
The purpose of this study was to determine if these and/or other unique insect 
species not yet collected are involved in the pollination of S. pickeringii. These 
pollination studies were coupled with an investigation of floral structure and longevity. 
Knowledge gained will enhance our understanding of species interactions of Illinois sand 
prairies, thus improving our ability to manage the habitats effectively. It is the overall 
goal of this research to increase the understanding of species interactions in sand prairies 
of Illinois to improve management of these precious areas. 
The objectives of this study were to: 
1) collect flower density data to determine best time to conduct insect collection 
studies over the season, 
2) collect and identify insect species that visited the flowers of S. pickeringii at 
the native population near Snicarte (Mason Co.), Illinois, 
3) quantify the frequency of visits by different insects 
4) determine if there were temporal and/or seasonal differences m flower 
visitation by different insects 
a. at different times of the day during peak flowering (July) 
b. over the flowering season (June-September) at midday 
5) compare the pollen of S. pickeringii to that found on insects visiting S. 
pickeringii flowers to confirm transfer of pollen between these insects and the 
flowers, 
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6) describe flower morphology by determining number and size of petals, 
stamens, pistils, and ovules, and 
7) determine how many days flowers of S. pickeringii stay open. 
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METHODOLOGY 
Flower density. During the summers of 1999, 2000, and 2001, two 50 m 
transects were surveyed at the Mason County, Illinois, S. pickeringii population to 
determine flower densities in disturbed and undisturbed areas. Transects were placed in 
areas where S. pickeringii was most abundant. Quadrats (0.5 m x 0.5 m) were used every 
meter at various distances from the transects using a random numbers table. The number 
of flowers/m2 was determined. 
Insect collection. Insect collection studies were conducted in the undisturbed 
area at the Mason County population near Snicarte (Mason Co.), Illinois. The 
undisturbed area was chosen due to a large concentration of S. pickeringii flowers within 
it. Plots (1 m2) were marked in patches where open S. pickeringii flowers were abundant. 
Insects visiting flowers within the plots for one hour were collected starting at 12:30 pm 
(June 20, July 5 and 16, and August 21, 2001) and also at 10:00 am (July 17 and 20, 
2001), 12:30 pm (July 17 and 20, 2001) and 3:00 pm (July 18 and 20, 2001) during peak 
flowering of S. pickeringii. In addition, there was a general collection of insect visiting S. 
pickeringii flowers outside of plots at no specific time of day. Weather conditions were a 
factor in determining what days to collect, i.e. collections did not occur during rainfall 
events. Weather conditions are listed in Appendix C. Insects were collected with nets 
and placed in killing jars containing cyanide. The number of each insect species visiting 
flowers of S. pickeringii was recorded. Insects were identified by entomologists of the 
Illinois Natural History Survey, Champaign, Illinois. 
Pollen comparison. S. pickeringii pollen was collected from flowers preserved in 
FAA (5% formalin. 5% glacial acetic acid, 95% ethanol) and herbarium specimens of the 
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Stover-Ebinger Herbarium at Eastern Illinois University, Charleston, Illinois to be 
compared to pollen collected from bodies of the six most frequent insect visitors to its 
flowers. Herbarium specimens were collected from the Mason County population in 
1995. Pollen was picked from anthers and insect bodies using a small probe. then 
observed under a compound, light microscope and photographed at I 00 and 400X 
magnification. Light microscopy was used as it is an inexpensive method and pollen 
grains can easily be moved around while viewing. Key characteristics used in pollen 
comparison were shape, color, and diameter. The exine of pollen grains collected from 
herbarium specimens were shriveled, possibly due to the dried condition (Figure 20). For 
this reason, only pollen grains preserved in FAA were used in the comparison to pollen 
collected from insect bodies. Diameters of 15 pollen grains collected from preserved 
flowers and from the insect bodies were measured using a compound microscope and 
micrometer. Average diameters of pollen grains were calculated. 
Flower morphology. Twenty fully open flowers of S. pickeringii were collected 
and petals, anthers, pistils, and ovules were quantified and described. Corolla diameter 
and length of stamens and pistils also were recorded. 
Flower longevity. Twenty fully open flowers of S. pickeringii were labeled with 
jewelry tags at 9:00 am on July 17, 2001 and observed daily until the corolla closed and 
became unattached from the plant. In addition, 20 flower buds of S. pickeringii were 
labeled with jewelry tags at 9:00 am on July 18, 2001 and observed for 4 days to observe 
flower opening. Flower development was recorded daily as: bud, bud with petals starting 
to show, bud just before opening (petals exposed), open, closed with corolla attached, and 
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closed with corolla unattached. The number of days that flowers of S. pickeringii stay 
open was determined. 
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RESULTS 
Flower density. Months are divided into three times: early (days 1-10), mid (days 
11-20), and late (days 21-31 ). Early to mid July is peak flowering for S. pickeringii. 
There is a significant difference in flower densities by date (F7. 784=68.6; P<0.001). Also, 
there is a significant difference in flower densities between disturbed and undisturbed 
areas (F 1, 7g4=5 l.6; P<0.001 ). The flower density of the disturbed area was higher than 
that of the undisturbed area. The highest average flower density recorded was in the 
disturbed area (early July 2000) (Table 6). 
Insect collection. Eighteen genera of insects were collected visiting S. pickeringii 
flowers during the one hour collection periods. Apis mellifera and Heterostylum croceum 
were the most frequent visitors (Table 7). Midday-only visits peaked during July and 
August. A. mellifera was the most frequent visitor to S. pickeringii flowers during 
midday only visits (Table 8). More insects visited S. pickeringii flowers at 10:00 am than 
at 12:30 pm or 3:00 pm (Table 9). In addition, 3 genera of insects were collected during 
the general collection outside of designated plots: Allograpta obliqua, Isonychia sp., and 
Neorhyncocephalus volaticus; however, only one specimen of each insect was observed 
and collected on flowers. 
Pollen comparison. Pollen was predominately found on the head and leg regions 
of collected insects. As observed under a compound microscope (100 and 400X), pollen 
of S. pickeringii is white or yellow-tinted and spherical. Likewise, pollen collected from 
insects also was white or yellow-tinted and spherical (Figure 20). The average diameter 
of S. pickeringii was not significantly different for pollen collected from H croceum, A. 
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splendens, Perdita sp., and A. mellifera; however it was significantly larger than that of 
Dia/ictus sp. and T. marginatus (Table 10). 
Flower morphology. Flowers of S. pickeringii are complete. The corolla is 
funnel-shaped, exhibiting radial symmetry with five, fused white petals with an average 
diameter of 1.9 ± 0.1 cm. There are five white stamens fused to the corolla. Average 
stamen length is 1.1 ± 0.1 cm. There are two fused styles, being fused from the base only 
part-way up, forming a dichotomously branched pair of style (one being longer than the 
other). The average pistil length is 1.4 ± 0.1 cm from the stigma on the longest style. 
The ovary of S. pickeringii contains four ovules, but normally only one seed per fruit is 
produced (personal observation). 
Flower longevity. All S. pickeringii flowers fully open were closed and 
unattached from the corolla on the following day. Flowers labeled in flower bud stage, 
once fully opened, remained open for only one day. 
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DISCUSSION 
Although the disturbed area had a higher flower density during peak flowering of 
the 1999, 2000, and 2001 growing season, the insect collection plots were in the 
undisturbed area. This location was selected for several reasons. The disturbed area is 
contiguous to a township road, which could have added a variable to the study due to 
traffic or disturbance of easily visible plots. The undisturbed area is more secluded and 
in an area without traffic. In addition, the undisturbed area had a section with a large 
concentration of S. pickeringii flowers. Since the insect collection plot was only 1 m x 1 
m, abundance of flowers was an advantage. The collection plots were designated in an 
area away from areas where transects were conducted. 
Eighteen genera of insects were collected visiting S. pickeringii flowers within 
plots during scheduled collections; however, other insects were observed visiting flowers 
outside of collection plots and times other than scheduled collections. As mentioned in 
the results, three insects were collected and identified outside of plots. Although no 
insects were collected at midday on June 20 within collection plots, insects were 
observed visiting flowers of S. pickeringii. It is not surprising that midday visits peaked 
during July as that also is peak flowering of S. pickeringii (Chapter 5, Table 6). Thus, 
more flowers attract more insects. It is possible that more insects are visiting S. 
pickeringii flowers at J 0:00 am than at 12:30 or 3 :00 pm because of its nectar production. 
If S. pickeringii produces its nectar early, the insects must compete to get the nectar 
before it is gone. Other factors that may influence insect visits include disturbance 
(burns, pesticides, ground tillage), environment changes throughout the day, and 
geography. One study suggests that the number of insect groups vary on burned versus 
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unburned sand prairies (Anderson et al., 1989). This variability could apply to the Mason 
County, Illinois S. pickeringii population, as it is believed that the undisturbed area has 
been burned previously. Although it was not conducted for this project, an insect 
collection comparing the undisturbed area to the disturbed area in Mason County may 
show a variation in visiting insects. In addition, a comparison of the Mason County 
population to the other S. pickeringii populations (Cass and Henderson Counties in 
Illinois) also may show a variation in visiting insects. 
It appears that pollen from insect bodies match pollen collected from anthers of S. 
pickeringii flowers, as both are spherical and white to yellow-tinted in color. Although 
the average diameter of S. pickeringii pollen was significantly larger than that of pollen 
collected from Dialictus sp. and T marginatus, all of the collected pollen grains are 
classified as large (50-100 µm), which is typical of Convolvulaceae, although there are 
few exceptions (Erdtman, 1969; Kothari et al., 1997). Pollen also may vary in size 
according to its stage of maturity (Erdtman, 1969). Using scanning electron microscopy 
(SEM) may be more beneficial than light microscopy in comparing pollen grains as the 
resolution and magnification of SEM is greater than that of light microscopy. SEM 
would allow for more descriptive analyses of pollen grains. 
Stylisma pickeringii flowers are five-merous. It is interesting to note that 
although four ovules are in the ovary of S. pickeringii, there is normally only one seed per 
fruit (occasionally two seeds per fruit) (personal observation). Flowers labeled as "fully 
open" closed and the corolla came unattached from the plant by the following day, 
providing little information about flower longevity since it was unknown when flowers 
opened. However, all flowers labeled as "flower bud", once opened, remained open only 
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one day, closed, and the corolla abscised of the plant by the following day. This 
observation shows that flowers of S. pickeringii remain open only one day. 
A. mellifera and H croceum are the most frequent visitors to S. pickeringii 
flowers. more insects visit during peak flowering and flower visitation is most abundant 
in the morning. Pollen from bodies of the six most frequent insect visitors match pollen 
collected from anthers of S. pickeringii flowers. There appears to be a connection 
between the three record collection insects (H croceum, H robustum, and 
Neorhyncocephalus volaticus) to flowers of S. pickeringii, but while these insects appear 
to be carriers of pollen, it is not certain whether they are indeed pollinators. Flower 
merous in S. pickeringii is five. Flowers remain open for only one day. This research has 
provided a great deal of information that will aid in the understanding of species 
interactions of Illinois sand prairies and will hopefully improve management of these 
limited areas. 
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CONCLUSIONS 
Early to mid July is peak flowering for S. pickeringii. The highest flower density 
recorded was in the disturbed area, early July 2000. Eighteen genera of insects were 
collected visiting S. pickeringii flowers during the one hour collection periods. Apis 
mellifera and Heterostylum croceum were the most frequent visitors. Midday-only visits 
peaked during July and August. A. mellifera was the most frequent visitor to S. 
pickeringii flowers during midday only visits. More insects visited S. pickeringii flowers 
at 10:00 am than at 12:30 pm or 3:00 pm. In addition, 3 genera of insects were collected 
during the general collection outside of designated plots: Allograpta obliqua, Isonychia 
sp., and Neorhyncocephalus volaticus. Pollen was predominately found on the head and 
legs of collected insects. Pollen of S. pickeringii is white or yellow-tinted, spherical, and 
large. Pollen collected from insects also was white or yellow-tinted, spherical, and large 
(50-100 µm). Pollen collected from insect bodies is most likely that of S. pickeringii. 
Flowers of S. pickeringii are complete. The corolla is funnel-shaped, exhibiting radial 
symmetry with five, fused white petals. There are five white stamens fused to the 
corolla. There are two, partially fused styles (one being longer than the other). The 
ovary of S. pickeringii contains four ovules, but normally only one seed per fruit is 
produced. Flowers of S. pickeringii remain open for only one day. 
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Table 7. Total insect visits (excluding general collection) to Stylisma pickeringii flowers 
within 1 m2 plots for one-hour intervals throughout summer 2001, Mason County, Illinois. 
Average % of total 
Insect 
visits/hr visits 
Apis mellifera (Hymenoptera: Apidae) 2.8 34.6 
Heterostylum croceum (Diptera: Bombyliidae) 1.3 16.0 
Agapostemon splendens (Hymenoptera: Halictidae) 0.7 8.6 
Dia/ictus sp. (Hymenoptera: Halictidae) 0.5 6.2 
Perdita sp. (Hymenoptera: Andrenidae) 0.5 6.2 
Toxomerus marginatus (Diptera: Syrphidae) 0.5 6.2 
Heterostylum robustum (Diptera: Bombyliidae) 0.2 2.5 
Eristalinus aenus (Diptera: Syrphidae) 0.2 2.5 
Anthrax albofasciatus (Diptera: Bombyliidae) 0.2 2.5 
Ha/ictus sp. (Hymenoptera: Halictidae) 0.2 2.5 
Odontocorynus sp. (Coleoptera: Curculionidae) 0.2 2.5 
Systoechus vulgaris (Diptera: Bombyliidae) 0.2 2.5 
Augochlorella sp. (Hymenoptera: Halictidae) 0.1 1.2 
Chauliognathus pennsylvanicus (Coleoptera: Cantharidae) 0.1 1.2 
Chrysanthrax cypris (Diptera: Bombyliidae) 0.1 1.2 
Copestylum vittatum (Diptera: Syrphidae) 0.1 1.2 
Melissodes sp. (Hymenoptera: Anthophoridae) 0.1 1.2 
Tropidia albistylum (Diptera: Syrphidae) 0.1 1.2 
Insect order and family information from Neartica, Inc. (1998). 
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Table 8. Number of insect visits to Stylisma pickeringii flowers during midday (12:30-
1 :30 pm) of summer 2001 in Mason County, Il~inois. 
Insect 6/20/01 7/5/01 7/16/01 8/21/01 Total 
····-·-·-···· ... ·-• .. ·····-····-··- ............... - ..... ·-····-·-·· .. ··-···-···---·····-··-····--···-·----.. -·-·····----···-··-·-· 
........................................................... 
--····-·-·-·-·-···--.. ····-·-· .. ·-···--
................ ,.,_,,,, ........ 
.... ·······-············-·-··· 
Apis mellifera 0 2 4 1 7 
Dia/ictus sp. 0 0 0 ,.., 3 .) 
Agapostemon sp!endens 0 2 0 0 2 
Heterostylum croceum 0 2 0 0 2 
Heterostylum robustum 0 0 2 0 2 
Perdita sp. 0 0 1 2 
Systoechus vulgaris 0 0 0 2 2 
Chauliognathus pennsylvanicus 0 0 0 1 
Melissodes sp. 0 0 0 1 1 
Odontocorynus sp. 0 1 0 0 
Toxomerus marginatus 0 0 1 0 1 
Total 0 9 7 8 24 
87 
Table 9. Number of insect visits to Stylisma pickeringii flowers by time of day during 
peak flowering (July, 2001) in Mason County, Illinois. 
Insect 10:00-11:00 am 12:30-1:30 pm 3 :00-4:00 pm 
Apis mellifera 4.5 3.0 3.0 
Heterostylum croceum 2.0 1.5 2.0 
Agapostemon splendens 1.0 0.5 1.0 
Toxomerus marginatus 0.5 0.0 1.5 
Perdita sp. 0.5 0.5 0.5 
Anthrax albofasciatus 0.5 0.5 0.0 
Dia/ictus sp. 0.5 0.0 0.5 
Eristalinus aenus 1.0 0.0 0.0 
Halictus sp. 0.5 0.5 0.0 
Tropida albistylum 0.5 0.0 0.5 
Augochlorella sp. 0.5 0.0 0.0 
Chrysanthrax cypris 0.0 0.5 0.0 
Copestylum vittatus 0.5 0.0 0.0 
Odontocorynus sp. 0.5 0.0 0.0 
................ _ ........................... -. .. -... ---····---.. ·-··-·-··---·-·----· 
........... - ............................... 
............... _, _______ 
···-··-·-··---·--··-·· .. ···-··--·---·--··-···-
.............. ,, _____________ , _____________ 
13.0 7.0 9.0 
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Stylisma pickeringii 
(preserved specimen) 
Heterostylum croceum 
Perdita sp. 
Dia/ictus sp. 
Stylisma pickeringii 
(herbarium specimen) 
Agapostemon splendens 
Apis mellifera 
Toxomerus marginatus 
Figure 20. Pollen grains collected from Stylisma pickeringii flowers and insect visitors to its flowers. 
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Table 10. Average diameter (µm) of pollen collected from Stylisma pickeringii and 
various insects that visited its flowers. 
Pollen source 
Stylisma pickeringii 
Heterostylum croceum 
Agapostemon splendens 
Perdita sp. 
Apis mellifera 
Dialictus sp. 
Toxomerus marginatus 
Average diamter (µm) 
53.7 ± 6.5 az 
53.7 ± 8.6 a 
51.4 ± 2.0 ab 
50.9 ± 3.3 ab 
50.0 ± 2.8 ab 
49.6 ± 3.9 b 
49.5 ± 3.3 b 
zMean separations based on Duncan's multiple range test at 5%, n=15. Means followed 
by different letters are significantly different. 
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Chapter 6: 
Prospectus 
From its formation to the rare and endangered species found within it, the sand 
prairie has proved to be a truly unique ecosystem within Illinois. In size, it covers only a 
small area of the state. 
The state-endangered plant, Stylisrna pickeringii var. pattersoni, is one plant 
found within the sand prairie habitat in Illinois. Management of this endangered plant 
has been limited due to a lack of information pertaining to it. While prior to this research 
little was known about the reproductive biology of S. pickeringii, the projects outlined in 
this thesis have provided a wealth of information regarding its regenerative capabilities. 
The initial purpose was to reintroduce plants into a natural sand prairie on state-protected 
land. Before a reintroduction could begin, more information was required involving its 
regenerative capabilities. Within the Illinois sand prairie, the Mason County population 
was a logical choice on which to conduct studies involving S. pickeringii since it 
provided a variation in habitat-disturbed and undisturbed areas. 
In Chapter 2, the seed coat of S. pickeringii was found to inhibit its germination. 
Germination did not occur (or was very low) in the laboratory without scarification. By 
scarifying seeds, germination was increased significantly. However, the initial process 
used to scarify the seeds (basal cut) was time consuming. By testing an array of 
scarification methods, a quick, efficient and effective method was developed for 
scarifying seeds to increase germination percentages. 
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Continuing the study of S. pickeringii seeds in Chapter 3, seed color was 
examined to determine the influence of age and harvest time on seed color and 
variability. Although the reason was unclear. seeds of S. pickeringii usually were of three 
colors and seed color influenced germination. Seed germination, as influenced by seed 
color, was yet another factor to consider in the reintroduction of S. pickeringii on state-
protected land. Results indicated that yellow seed had the highest germination. Age and 
harvest time did not affect seed color. 
In Chapter 4, the effects of seed scarification and planting time on the 
reintroduction process were studied. Although seeds only germinated after scarification 
in the laboratory, it was not known if laboratory scarification would be necessary to 
establish populations from seed in its natural environment. In addition, planting time was 
examined to determine the best time to introduce the seeds to yield the most favorable 
seedling establishment. After one season's growth, neither scarification nor time of 
planting influenced seedling establishment. 
In the final chapter, insect visits to flowers of S. pickeringii and pollen 
comparisons were examined. Insect identifications and pollen comparisons provided 
information regarding possible pollinators of S. pickeringii. The addition of floral 
morphology and longevity studies to this chapter provided further information regarding 
S. pickeringii flowers that was previously unknown and will be beneficial to future 
studies on the relationship between insect visitors and S. pickeringii flowers. A number 
of insects were found to visit flowers of S. pickeringii and the six most frequent insect 
visitors were found to carry pollen consistent in size and shape to S. pickeringii pollen. 
This chapter provided information regarding plant-insect interactions that will lead to 
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better management practices (such as choice of reintroduction location, and proximity to 
present natural pollinators) for S pickeringii, other sand prairie species, and sand prairies 
in general. 
While the research regarding S. pickeringii var. pattersoni outlined in this thesis 
focused within the state of Illinois, it is important to note that this plant is endangered in 
Iowa and Missouri as well (Conservation Commission of Missouri, 2002; Iowa 
Department of Natural Resources, n.d.). As observed in Myint's (1966) figure of the 
distribution of the two varieties of S. pickeringii in Chapter 1 (Figure 5), populations of S. 
pickeringii var. pattersoni are scattered and far between. This research provides 
information that could be useful in the management of S. pickeringii in other states, as 
well as the management of sand prairies in general by providing information regarding 
this sand prairie species. By understanding the reproductive biology at the seed, 
establishment, and pollination levels, management of sand prairie plants will be more 
effective. 
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Appendix B. 
Design of Stylisma pickeringii establishment plots planted November 2000 and March 
2001 at Sanganois Fish and Wildlife Area, Mason County, Illinois. 
Rep 1 
Rep 2 
Rep 3 
Rep4 
Scarified, 1999 
Unscarified, 2000 
Scarified, 2000 
U nscarified, 1 999 
Scarified, 2000 
Scarified, 2000 
Unscarified, 1999 
Unscarified, 2000 
Unscarified, 2000 Unscarified, 1999 
Scarified, 1999 Unscarified, 1999 
Scarified, 1999 Unscarified, 2000 
Scarified, 1999 Scarified, 2000 
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